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CLOSING THE LOOP ON INFLAMMATION AND
ATHEROTHROMBOSIS:

WHY PERFORM THE CIRT AND CANTOS TRIALS?

PAUL M. RIDKER, MD, MPH
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ABSTRACT

Inflammation contributes to all phases of the atherothrombotic pro-
cess, patients with elevated inflammatory biomarkers such as high-
sensitivity C-reactive protein (hsCRP) have increased cardiovascular
risk, and recent work directly implicates the interleukin-1 (IL-1) and
interleukin-6 (IL-6) pathways in atherogenesis. Yet, it remains un-
known whether targeted inhibition of inflammation will reduce cardio-
vascular event rates. To address directly this fundamental hypothesis,
our research group has initiated two large-scale, randomized, placebo-
controlled trials using targeted anti-inflammatory agents for the sec-
ondary prevention of myocardial infarction. The first trial, the Cardio-
vascular Inflammation Reduction Trial (CIRT), has been funded by the
NHLBI and will evaluate whether low-dose methotrexate (target dose,
20 mg/wk) as compared to placebo will reduce major vascular events
among a group of post-myocardial infarction patients with either diabe-
tes or metabolic syndrome, groups known to have high risk on the basis
of a persistent pro-inflammatory response. CIRT is based, in part, on
observational evidence of reduced vascular event rates among those
treated with methotrexate in the setting of rheumatoid arthritis or
psoriatic arthritis and on the ability of methotrexate to reduce TNF,
IL-6, and CRP levels. The second trial, the Canakinumab Anti-Inflam-
matory Thrombosis Outcomes Study (CANTOS), will evaluate whether
interleukin-1� (IL-1�) inhibition as compared to placebo can reduce
rates of recurrent myocardial infarction, stroke, and cardiovascular
death among stable coronary artery disease patients who remain at high
vascular risk due to persistent elevations of hsCRP ( 2 mg/L) despite
contemporary secondary prevention strategies. Canakinumab is a hu-
man monoclonal antibody that selectively neutralizes IL-1�, a pro-
inflammatory cytokine that plays multiple roles in the atherothrombotic
process and that undergoes activation by the NLRP3 inflammasome, a
process promoted by cholesterol crystals that in turn leads directly to
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increased production of IL-1 and IL-6. Together, CIRT and CANTOS will
enroll more than 25,000 patients worldwide and provide a fundamental
test of the inflammatory hypothesis of atherothrombosis.

THE INFLAMMATORY HYPOTHESIS OF
ATHEROTHROMBOSIS: CLINICAL EVIDENCE

Inflammation is recognized as a pathologic hallmark in all stages of
atherogenesis from early endothelial dysfunction through the process
of acute plaque (1). Components of both the innate and adaptive
immune systems contribute to this process. With regard to innate
immunity and the immediate protection it provides as a non-specific
first line of host defense, multiple pattern recognition receptors includ-
ing disease associated molecular patterns (DAMPs) and pathogen-
associated molecular patterns (PAMPs) result in leukocyte activation,
cytokine generation, and trafficking of mast cells, eosinophils, neutro-
phils, and macrophages, all with effects on foam cell accumulation and
plaque generation. With regard to adaptive immunity, recent work has
similarly implicated this highly specific form of host defense based on
antigen presentation and lymphocyte production of antibodies in mul-
tiple facets of cell adhesion, lesion propagation, matrix and collagen
degradation, smooth muscle proliferation, platelet reactivity, and
acute thrombotic occlusion.

From a clinical perspective, translation of the inflammatory hypoth-
esis of atherosclerosis has been based largely on epidemiologic evidence
linking inflammatory biomarkers such as IL-6 (2), soluble intercellular
adhesion molecule-1 (sICAM-1) (3), fibrinogen (4), and C-reactive pro-
tein, particularly when measured with high-sensitivity assays (hsCRP)
(5). Of these, hsCRP has emerged as the most clinically useful in part due
to its ease of measurement and temporal stability (6, 7). hsCRP has
proven capable of identifying patient populations at high vascular risk
on the basis of a pro-inflammatory response, even when other tradi-
tional risk factors are absent (8, 9). As reviewed in a comprehensive
meta-analysis conducted by the Emerging Risk Factor Collaboration
(6), the magnitude of cardiovascular risk associated with a one stan-
dard deviation increase in hsCRP is at least as large as that associated
with a one standard deviation increase in either hyperlipidemia or
blood pressure (7). Further, as shown in the Reynolds Risk Scores for
men and women (10), the addition of hsCRP, along with family history,
significantly improves global risk prediction. Indeed, in direct compar-
isons performed in multiple cohorts including the Framingham Heart
study itself (11), predictive risk scores inclusive of hsCRP consistently
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improve model fit and clinical efficacy over risk scores based on tradi-
tional factors alone (12, 13).

Despite the consistency of data describing hsCRP as a clinically
useful biomarker of inflammation, whether CRP itself plays any causal
role in atherogenesis is uncertain. On the one hand, CRP could be
causal as it plays direct roles in complement activation and serving as
a pattern recognition molecule, CRP is a highly conserved component
of innate immunity. On the other hand, no data to date have impli-
cated CRP reduction per se in vascular risk reduction and genetic
studies using the concepts of Mendelian randomization have not pro-
vided positive evidence of linkage between genes known to influence
CRP and long-term clinical outcomes (14, 15). I have argued for some
time that CRP is most likely a biomarker for a more causal pro-
inflammatory response triggered by the IL-1 and IL-6 cascade. In
support of this position, recent genetic data has linked specific poly-
morphisms in the IL-6 receptor gene, IL6R, to both reduced levels of
CRP and fibrinogen, as well as reduced risks of vascular disease (16,
17). In these recent reports, genetic effects were similar to that asso-
ciated with the clinical use of tocilizumab, a monoclonal antibody that
specifically targets the IL-6 receptor.

To date, the ability of hsCRP to serve as a method to improve
targeting of drug therapy has primarily been in the context of statin
prescription. As we first described in the Cholesterol and Recurrent
Events (CARE) trial of pravastatin in the secondary prevention of
myocardial infarction, the clinical benefit of statin therapy is greater in
the presence of elevated hsCRP levels (18). Further, as we then showed
in both the AFCAPS/TexCAPS trial of lovastatin (19) and in the
large-scale JUPITER trial of rosuvastatin (20), statins are highly ef-
fective for reducing vascular event rates among apparently healthy
individuals with low levels of LDL cholesterol (who otherwise would
not qualify for treatment) but who are selected for increased risk on the
basis of high levels of hsCRP. In JUPITER, absolute vascular risk and
the magnitude of absolute risk reduction associated with statin ther-
apy increased with increasing levels of baseline hsCRP. Further, in
that trial, on-treatment hsCRP (but not on-treatment HDL-C) was a
powerful predictor of residual risk. These data are consistent with
reports from the PROVE IT, A to Z, REVERSAL, CORONA, and
ASCOT trials, all of which reported that achieving low levels of hsCRP
contributes to event reduction in a manner analogous to achieving low
levels of LDL cholesterol (21–25).

Although hypothesis generating, analyses of statin trials cannot
evaluate whether decreasing inflammation decreases vascular risk

176 PAUL M. RIDKER



because statins potently reduce LDL cholesterol as well as inflamma-
tion. Nonetheless, the clinical, laboratory, genetic, and pathologic data
described above all contribute to the core scientific basis for proceeding
with a series of “cardiovascular inflammation reduction trials” de-
signed to test directly whether known anti-inflammatory agents with-
out confounding effects on cholesterol or platelet function can reduce
cardiovascular events (26). In the past year, our research group has
initiated two such trials, each using a novel strategy to target inflam-
mation without altering other concomitant pathways for vascular dis-
ease. Those two trials, the Cardiovascular Inflammation Reduction
Trial (CIRT) (26) of low-dose methotrexate and the Canakinumab
Anti-Inflammatory Thrombosis Outcomes Study (CANTOS) (27) eval-
uating interleukin-1� (IL-1�) inhibition, are described below along
with summaries of the pathophysiologic and clinical data supporting
them.

LOW-DOSE METHOTREXATE AS AN AGENT TO TARGET
IL-6 AND CRP AND POTENTIALLY REDUCE

CARDIOVASCULAR EVENT RATES AND NEW ONSET
DIABETES: THE CIRT TRIAL

Testing the inflammatory hypothesis of atherothrombosis requires a
specific intervention that (a) inhibits inflammation without having
substantive impact on other pathways of the atherothrombotic process,
and (b) has a safety profile allowing evaluation in randomized trial
settings (26). Low-dose methotrexate (LDM) has multiple attributes
that make it an appropriate agent to test directly the inflammatory
hypothesis of atherothrombosis.

First, LDM (range, 10 to 20 mg/wk) is widely used and has an
enviable safety profile among patients with rheumatoid arthritis and
psoriasis, patient groups known to have increased risks for cardiovas-
cular disease. Further, comprehensive guidelines from the American
College of Rheumatology exist regarding dosing regimens, drug mon-
itoring, and the identification of high-risk patient subgroups (28). This
experience greatly reduces the potential for unanticipated off-target
toxicity.

Second, LDM reduces several inflammatory biomarkers including
CRP and IL-6 in patients with rheumatoid arthritis (RA) and psoriasis.
By contrast, LDM does not have substantive effects on lipid levels,
hemostasis, or platelet function. Thus, LDM provides a mechanism to
test the inflammatory hypothesis of atherothrombosis without con-
founding effects on other important vascular pathways.
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Third, among both RA and psoriasis patients assessed in seven
cohort and case-control settings (29–35), available observational epi-
demiologic data suggest that exposure to LDM is associated with
reductions in cardiovascular morbidity and mortality, even though
those receiving LDM have worse vascular risk factor profiles, data
mitigating against indication bias. These data have been verified in a
recent systematic overview (36). Of interest, the cardiovascular benefit
of LDM was observed despite the fact that patients initiating treat-
ment (mean dose, 13 mg/wk) had worse prognostic factors for mortality
when compared to patients not being treated with LDM. Other obser-
vational studies of RA patients taking LDM have shown improvement
in heart failure and reduction in carotid intima media thickness (37).
Excess vascular risk unexplained by traditional risk factors among
those with RA or psoriasis also supports the conceptual basis for a trial
of anti-inflammatory therapy among those with a persistent enhance-
ment of the innate immune response.

Fourth, mechanistic studies suggest that atheroprotective effects of
methotrexate may accrue from enhanced release of adenosine which in
turn leads to facilitation of cholesterol efflux and reverse cholesterol
transport from arterial wall foam cells via upregulated expression of
cholesterol 27-hydroxylase (HY27) and the ATP-binding cassette trans-
porter (ABCA1) (38, 39). Recent data indicating enhanced gene expres-
sion of HY27 and ABCA1 with clinical use of LDM also supports this
emerging hypothesis. Other work suggests that methotrexate has direct
effects on apoptosis and on the suppression of adhesion molecule func-
tion, both of which play relevant roles in atherothrombosis (40–42).

Finally, LDM is a generic therapy given orally as a once-weekly
agent allowing for the efficient and safe conduct of a large simple trial.
This simplicity has been incorporated into the CIRT trial in such a way
that ongoing safety evaluations can use a centralized methodology that
improves participant safety, maintains the study blind while allowing
for in-trial dose adjustments, and provides an efficient method to
address issues of compliance and follow-up on a cost-effective central-
ized basis.

The primary aim of the CIRT trial is to directly test the inflamma-
tory hypothesis of atherothrombosis by evaluating whether or not
LDM will reduce rates of recurrent myocardial infarction, stroke, and
cardiovascular death among stable post-myocardial infarction patients
with type 2 diabetes or metabolic syndrome, conditions associated with
an enhanced pro-inflammatory response. Funded by the National
Heart Lung and Blood Institute, the CIRT trial is a randomized,
double-blind, placebo-controlled, multi-center, event-driven trial that
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will enroll 7000 men and women from the United States and Canada.
After a 4-week open-label run-in, eligible participants who have suf-
fered documented myocardial infarction in the past 5 years will be
randomly allocated to usual care plus placebo or usual care plus LDM
(initial target dose, 15 mg orally per week with a safety-based titration
to 20 mg orally per week after 4 months based on evidence of safety and
tolerability). All study participants will additionally receive 1 mg daily
oral folate. LDM complications will be minimized through education
programs for all investigators and coordinators through enhanced
communication with study participants by limiting enrollment to those
with no evidence of malignancy, hepatitis, renal dysfunction, chronic
infection, or other methotrexate risk factors; by conducting an initial
4-week active-therapy run-in designed to eliminate individuals intol-
erant to treatment before randomization; and through regular moni-
toring of liver function and hematologic indices using a centralized
methodology designed to ensure participant safety, allow for dose
reductions while maintaining the study blind, and provide an efficient
method to address issues of compliance and follow-up on a cost-effec-
tive centralized basis.

The primary trial endpoint of CIRT is the rate of recurrent myocar-
dial infarction, stroke, or cardiovascular death. Secondary endpoints
include all-cause mortality, incident diabetes among those with meta-
bolic syndrome at study entry, hemoglobin A1c (HbA1c) control among
those with diabetes at study entry, incident venous thrombosis, and
incident atrial fibrillation. The trial is event driven such that in the
absence of extreme effects, the trial will conclude after accrual of at
least 530 primary endpoints, an effect estimated to provide 90% power
to detect a 25% relative risk reduction (Fig. 1).

CANAKINUMAB AS AN AGENT TO TARGET INTERLEUKIN-
1� AND POTENTIALLY REDUCE CARDIOVASCULAR

EVENT RATES AND NEW ONSET DIABETES: THE
CANAKINUMAB ANTI-INFLAMMATORY THROMBOSIS

OUTCOMES STUDY (CANTOS)

Of inflammatory cytokines implicated in atherothrombosis, IL-1
plays a particularly substantive role (42). In simplified form, the IL-1
signaling system involves two agonists, IL-1� and IL-1� (which exert
pro-inflammatory effects through binding to the IL-1 type 1 receptor),
and an endogenous antagonist for the IL-1 receptor (IL-1Ra, which
blocks binding of IL-1 � and � to the IL-1 type I receptor) (44). Cells
that produce IL-1� have an additional regulatory step in that the
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initial protein product, pro-IL-1�, is inactive and requires proteolytic
cleavage by caspase-1 to attain biological activity. This latter cleavage
process is controlled by an important complex of intra-cellular proteins
known as the NLRP3 inflammasome that can be activated by several
exogenous “danger signals” including crystalline compounds (45). As
examples, silica, asbestos, hydroxyapetite, and uric acid crystals are all
known to enhance IL-1� production through inflammasome interactions.
Specific amino acid mutations altering the NLRP3 inflammasome can
severely increase secretion of IL-1� and result in a group of rare auto-
inflammatory disorders (such as the Muckle-Wells syndrome) that re-
spond to treatment with monoclonal antibodies targeted against IL-1� or
with exogenous IL-1R antagonists (46–48). Moderate imbalances in the
IL-1/IL-1Ra system are believed to contribute to chronic inflammatory
conditions including type 2 diabetes, inflammatory arthritis, psoriasis,
gout, and inflammatory bowel disease (49–52).

Recent observations directly implicate the NLRP3 inflammasome
and its resulting production of IL-1� in the atherosclerotic process.
First, genome-wide association studies have found the NLRP3 loci to
be among those determining plasma CRP levels (53). Second, the
NLRP3 inflammasome can be activated by cholesterol crystals and
minimally modified LDL cholesterol (54, 55). This latter observation
implicates crystalline cholesterol as a trigger for IL-1� activation, and
thus provides a critical linkage between hyperlipidemia and inflam-

Stable CAD (post MI)
On Statin, ACE/ARB, BB, ASA

With Diabetes or Metabolic Syndrome 

Low Dose Methotrexate 20 mg
+  Folic Acid 1.2 mg

Placebo      
+  Folic Acid 1.2 mg       

Open Label Dose Titration
Low Dose Methrotrexate 5 to 15 mg weekly

Primary Endpoint:  Nonfatal MI, Nonfatal Stroke, Cardiovascular Death    

Secondary Endpoints: Total Mortality, New Onset Diabetes, Other Vascular Events

Exploratory Endpoints: DVT/PE; SVT; hospitalizations for CHF; PCI/CABG; biomarkers

FIG. 1. Design of the Cardiovascular Inflammation Reduction Trial (CIRT).
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mation. Third, IL-1�–induced inflammation in pancreatic islets of
patients with type 2 diabetes has been reported to be mediated through
the NLRP3 inflammasome (56). Last, as IL-1� drives the acute phase
response, these inflammasome activation data provide a unifying
causal pathway explaining why systemic biomarkers of inflammation
such as hsCRP, IL-6, fibrinogen, and sICAM-1 levels are elevated
many years in advance of acute coronary occlusion.

Although the NLRP3 inflammasome has only recently been de-
scribed, experimental data has long suggested a role for IL-1 in athero-
thrombosis (57). As examples, IL-1 is known to induce pro-coagulant
activity as well as monocyte and leukocyte adhesion in human vascular
endothelial cells; endotoxin and tumor necrosis factor can induce IL-1
gene expression in human vascular endothelial as well as smooth
muscle cell; and atherosclerotic lesions contain both IL-1� and IL-1Ra
(58–60). Further, reduced lesion formation has been reported in ath-
erosclerosis-prone mice deficient in either IL-1 or the type I IL-1
receptor, whereas IL-1Ra–deficient mice have increased atherogenesis
(61–64). In a parallel manner, studies performed on pig coronary
arteries show increased neointimal formation with periadventitial ad-
ministration of IL-1 and reduced neointima formation in the presence
of IL-1Ra (65, 66). Human studies supporting these concepts include
the observation that atherosclerotic as compared to normal coronary
arteries have increased IL-1� levels; that IL-1Ra concentrations are
higher among those with acute coronary syndromes as compared to
asymptomatic patients or those with chronic stable coronary disease;
and that polymorphism in IL-1Ra associates with the burden of coro-
nary lesions found on angiography, with rates of stent re-stenosis, and
with atherosclerotic progression (67–70).

Given the multiple roles played by IL-1� in atherothrombosis, we
have hypothesized that IL-1� inhibition with canakinumab, a human
monoclonal anti-human IL-1� antibody, might serve as a novel treat-
ment to reduce cardiovascular event rates (27). Canakinumab directly
binds human IL-1� and thus blocks the interaction of this cytokine
with its type I and type II receptors. In patients with type 2 diabetes,
IL-1� antagonism with canakinumab produces a rapid and dose-de-
pendent inhibition of the acute phase response resulting in sustained
reductions in fibrinogen, IL-6, and CRP without impacting on lipid
levels (Fig. 2) (71). Thus, similar to LDM, canakinumab provides a
specific targeted method directly test the inflammatory hypothesis of
atherothrombosis.

The primary aim of the Canakinumab Anti-inflammatory Thrombo-
sis Outcomes Study (CANTOS) is to evaluate whether long-term treat-
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ment with canakinumab as compared to placebo will reduce rates of
recurrent cardiovascular events among stable post-myocardial infarc-
tion patients who remain at increased vascular risk due to persistently
elevated levels of hsCRP ( 2 mg/L) despite usual care, including statin
therapy (27). In contrast to the CIRT trial for which there is ample
prior data to select a single dose for methotrexate (and thus a simple
two-arm trial can be conducted), CANTOS will evaluate three active
doses of canakinumab (50 mg, 150 mg, or 300 mg subcutaneously every
3 months) in comparison to placebo (and thus requires a more complex
four-arm trial structure) (Fig. 3). The trial primary endpoint will be
recurrent major cardiovascular events, defined as non-fatal myocardial
infarction, non-fatal stroke, or cardiovascular death. Secondary objec-
tives of CANTOS include determination of the safety and efficacy of
long-term canakinumab therapy among post-myocardial infarction pa-
tients on total mortality and on other vascular events including hos-
pitalization for unstable angina requiring revascularization. Further,
among those with normal or impaired fasting glucose at the time of
randomization, CANTOS will also address whether canakinumab will
reduce the incidence of new onset diabetes. In exploratory pre-specified
analyses, CANTOS will also address the impact of IL-1� inhibition
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FIG. 2. Effects of monthly subcutaneous canakinumab on fibrinogen, IL-6, and
hsCRP. [Data from Ridker et al (71)].
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with canakinumab on the incidence of several clinical conditions
known to associate with chronic inflammation including venous throm-
boembolism, atrial fibrillation, stent thrombosis, and hospitalization
for congestive heart failure.

CANTOS began enrollment in late 2011 and ultimately will include
17,200 adult men and women who have suffered a documented acute
myocardial infarction at least 30 days before randomization, have
completed any planned revascularization procedures associated with
their initial infarction, and have evidence of systemic inflammation on
the basis of an hsCRP 2 mg/L despite the stable use of standard
secondary prevention therapies. As canakinumab is an inhibitor of
innate immunity, patients with a suspected or known immunocompro-
mised state, those being administered another biologic agent that
targets the immune system (TNF blockers, anakinra, rituximab,
abatacept, tocilizumab), and those already receiving methotrexate at a
dose exceeding 15 mg weekly will not be eligible. Specific details of
CANTOS have been presented elsewhere (27).

Similar to the CIRT trial, CANTOS is designed as an event-driven trial
with all primary analyses conducted on an intention-to-treat basis. Trial
completion is anticipated to occur after the accrual of 1400 primary end-
points during an estimated 4.5-year period. This number of primary end-
points should provide approximately 90% power to detect the superiority of

Stable CAD (post MI)
On Statin, ACE/ARB, BB, ASA 

Persistent Elevation 
of hsCRP (> 2 mg/L)

Randomized
Canakinumab 150 mg 

SC q 3 months

Randomized
Placebo 

SC q 3 months    

Primary Endpoint:  Nonfatal MI, Nonfatal Stroke, Cardiovascular Death    

Randomized
Canakinumab 300 mg 

SC q 3 months

Secondary Endpoints: Total Mortality, New Onset Diabetes, Other Vascular Events

Exploratory Endpoints: DVT/PE; SVT; hospitalizations for CHF; PCI/CABG; biomarkers

Randomized
Canakinumab 50 mg 

SC q 3 months

FIG. 3. Design of the Canakinumab Anti-inflammatory Thrombosis Outcomes Study
(CANTOS).
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at least one dose of canakinumab compared to placebo, assuming a hazard
reduction of 20%. The protocol also pre-specifies analyses to detect the
superiority of the combined canakinumab arms compared to placebo.

Although side effects of canakinumab when given as a treatment for
gout, arthritis, or diabetes are few, as in the CIRT trial, all partici-
pants in CANTOS will undergo specific monitoring for infection and
incident cancer. In both trials, those with a history of or at high risk for
either tuberculosis- or HIV-related disease will not be eligible, nor will
any individuals with chronic infections or the need for other systemic
anti-inflammatory therapies.

WHY PERFORM THE CIRT AND CANTOS TRIALS?

CIRT and CANTOS will be the first randomized trials to formally
address the inflammatory hypothesis of atherothrombosis (26, 27);
together, these trials will enroll more than 25,000 patients worldwide.
Each trial uses an event-driven protocol to address whether LDM
(CIRT) or IL-1� inhibition with canakinumab (CANTOS) as compared
to placebo can reduce rates of recurrent myocardial infarction, stroke,
and cardiovascular death among stable coronary artery disease pa-
tients who are selected for a high likelihood of a persistent pro-inflam-
matory response (in CIRT using the additional entry criteria of the
presence of either diabetes or metabolic syndrome and in CANTOS
using the additional entry criteria of hsCRP 2 mg/L). Most impor-
tantly, both trials seek to expand our understanding of how the bal-
ance of innate immunity contributes to cardiovascular health and to
diabetes prevention, and both will provide critical safety and efficacy
data on long-term inhibition of immunity.
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DISCUSSION
Mushlin, New York: Paul that was a beautiful summary of a spectrum of work that

is important for all of us to hear about and understand more. My question is really pretty
simple and that is, I noticed that in both CIRT and in CANTOS, all-cause mortality is not
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an endpoint. Is that, in your mind, just a power and sample size issue or is there a
conceptual reason why you’re not looking at all-cause mortality?

Ridker, Boston: The primary endpoint of CIRT as well as CANTOS is recurrent
non-fatal myocardial infarction, non-fatal stroke, or cardiovascular death. In this regard,
both trials are conceived of as proof of concept, and thus relate primarily to cardiovas-
cular events and cardiovascular deaths. That being said, in both CIRT and CANTOS,
all-cause mortality is a very highly ranked secondary endpoint.

Bray, Penn Valley: Paul that was great, really clear and it’s exciting to see that
these trials will hopefully answer this question. So, can you tell us if you’re having
trouble recruiting because of the same things Dr Weinblatt had to overcome?

Ridker, Boston: When Mike Weinblatt and his colleagues began studying metho-
trexate for rheumatoid arthritis, they ran into considerable skepticism from those who
only thought of the drug in terms of cancer treatment. We still run into that problem, but
unlike Mike, I have the advantage of his work demonstrating that at low doses, meth-
otrexate is an effective anti-inflammatory with a fully acceptable and well-described
safety profile. And, of course, there are now several million older Americans who take
low-dose methotrexate as first-line treatment for arthritis, so I think we can overcome
any reluctance to randomize into CIRT in the cardiovascular setting. It interests me
from a social perspective that our CANTOS trial using canakinumab is recruiting well
already, suggesting that it sometimes is easier to study a drug physicians know little
about compared to a drug like methotrexate where the risks are well established.

Gotto, New York: Paul thanks for this lecture and really opening up a new area of
research and preventing cardiovascular disease. I want to ask you a question about HDL
which also has anti-inflammatory action. In the JUPITER trial, you reported that that
if we get the LDL low enough, the HDL didn’t seem to matter. Other trials reported
different results and if you take the HDL from a patient who has had a recent acute
coronary syndrome, that HDL has been reported to lose its anti-inflammatory properties
for at least up to a year. So, are you planning to look at HDL or any of the other
associated factors with HDL functionality in these studies?

Ridker, Boston: Dr Gotto, let me begin by thanking you for helping to bring me into
this organization and thank you again for your willingness several years ago to share
data from your AFCAPS/TexCAPS trial that ultimately led to JUPITER. Yes, we are
planning to measure HDL functionality in both CIRT and CANTOS, and we are working
with Dan Rader looking at their HDL efflux assay for this exact reason. I agree with you
that there is something important about inflammatory HDL and we need to go well
beyond simple chemical measures of HDL cholesterol to understand its role in athero-
genesis.

Shayman, Ann Arbor: That was a very provocative talk. Thank you. You seem to
imply that any form of inflammation in this setting would be something to impact on but
have your other groups looked at ways to try to tease out what the specific inflammatory
pathways would be in terms of looking at, let’s say, tyrosine modifications to sort out
myeloperoxidase activation or eNOS (endothelial nitric oxide synthase) uncoupling
leading to ROS (reactive oxygen species), for example.

Ridker, Boston: When one looks simply at biomarkers of this process, we get similar
epidemiologic relationships for myeloperoxidase and Lp-pLA2 as we do for CRP or IL-6.
But you are correct in that we do not yet know the specific underlying source for the
inflammation being detected. Thus, the trick in figuring out how to get trials done was
to pick anti-inflammatory agents that we believe will impact on atherosclerosis and fit
a profile that allows for adequate safety exposure. Methotrexate is being used as a
broad-term “upstream” anti-inflammatory while canakinumab will provide a much more
focused approach, thus giving us two swings at the bat. But the point you are making is
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very relevant; both CIRT and CANTOS are designed as proof of concept studies. As in
any good trial, if either is positive, we will have raised as many questions as we have
answered.

Hochberg, Baltimore: I will do a short question since one of my Chairs is the Chair
of the session. TNF inhibitors may reduce cardiovascular events in patients with rheu-
matoid arthritis, but as you showed on your observational slide, they raise LDL levels.
So do you think the effect is more important in terms of the reduction in inflammation
as the LDL levels are going up in that situation and then can you make a brief comment
on the trial which the FDA required Genetech to perform regarding tocilizumab, the IL-6
monoclonal antibody versus etanercept?

Ridker, Boston: As a cardiologist, I would never suggest that inflammation inhibi-
tion is more important than aggressive lowering of LDL cholesterol; in both CIRT and
CANTOS, the expectation is that all participants will already be on high-dose statin
therapy. The question, however, is whether we can additionally reduce inflammation as
another method to reduce event rates. We chose methotrexate and canakinumab because
neither adversely impacts on lipid levels. As you correctly point out, the commercial TNF
inhibitors and IL-6 inhibitors increase LDL, and thus the manufacturers of these agents
need to address cardiovascular safety.

Palmer, New York: With the cholesterol that’s related to crystals, presumably there
is more free cholesterol. Is there a relationship between the atheromatous individuals
who have elevated CRP and the amount of free cholesterol in the lesions?

Ridker, Boston: That’s a superb question because there is little to no relationship
between the level of CRP in plasma and the volume of atherosclerosis measured sys-
temically, yet there is a relationship between the earliest deposition of cholesterol
crystals and the initiation of inflammation, likely through the NLRP3 inflammasome.

Palmer, New York: Thank you.
Bishopric, Miami: I would like to know whether you have thoughts about why all

the anti-inflammatory agents that have gotten into trouble for increasing rates of
atherosclerotic and adverse cardiovascular events have been so contradictory to this
theory.

Ridker, Boston: Earlier in this session we heard an elegant discussion about COX-1
and COX-2 inhibitors, and it is largely these anti-inflammatory agents that have been
associated with small but real adverse cardiovascular effects. However, those effects
have really been based on platelet aggregation effects and represent a very different kind
of inflammation reduction than we are talking about in the new trials.
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